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B S T R A C T
urpose: There is substantial research linking tobaccoandalcoholuse to subsequent cannabisuse, yet the speciﬁcity
fthisrelationshipisstillunderdebate.Theaimofthisstudywastoexaminewhichsubstanceusemodel—thegateway
ypothesis, thecommon liability (CL)model and/or the routeof administrationmodel—best explains the relationship
etween early onset of tobacco and alcohol use and subsequent cannabis use initiation.
ethods: We used data from 2,113 (51% female) Dutch adolescents who participated in three consecutive
ssessment waves (mean age: 11.09, 13.56, and 16.27 years, respectively) of the TRacking Adolescents’
ndividual Lives Survey study. (Pre)adolescent cannabis, tobacco and alcohol use was assessed using the
outh Self-Report and a TRacking Adolescents’ Individual Lives Survey developed questionnaire.
esults: We found that, during adolescence, early onset of tobacco use does not pose a signiﬁcantly higher risk of
nitiating cannabis use than early onset alcohol use. Therefore, we can rule out the route of administration model.
oreover,wefoundthatadolescentswhoreportedearlyonsetcomorbiduseofbothtobaccoandalcoholhaveahigher
ikelihood to initiate cannabis use than adolescentswhohave tried either tobacco or alcohol. The gatewayhypothesis
s not broad enough to explain this ﬁnding. Therefore, the CLmodel best predicts our ﬁndings.
onclusion: Future research on adolescent cannabis initiation should focus on testing the robustness of the
L model. Furthermore, identifying adolescents who use both tobacco and alcohol, before the age of 13, may








uAdolescence is a critical phase for many forms of develop-
ent, resulting in a unique “window” of vulnerability, especially
ith regard to substance use. The majority of cannabis use initi-
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rinsengracht 130, 1018 VZ Amsterdam, The Netherlands.
E-mail address: A.L.Prince@uva.nl (A.P. van Leeuwen).
054-139X/$ - see front matter  2011 Society for Adolescent Health and Medicine. A
oi:10.1016/j.jadohealth.2010.05.008tion occurs during in this stage. Early onset of cannabis use in
dolescence has been associated with a higher risk of experi-
entingwith other substances [1,2], developing a substance use
isorder or dependence [3], substance related problems [2,4,5],
uvenile delinquency [6], higher rates of cannabis use and other
llicit substance use in (young)adulthood [7], and mental health
roblems [8–10]. To better understand as well as curb cannabis
se, several researchers have examined which factors may be



















































































































van Leeuwen et al. / Journal of Adolescent Health 48 (2011) 73–7874articularly tobacco [11,12] and alcohol [13] initiation have been
inked to a higher propensity to initiate and maintain cannabis
se [14]. For example, in two previous studies among Dutch and
innish adolescents, Korhonen et al. found that smoking onset
efore the age of 13 is a powerful predictor for subsequent use of
annabis [11,12]. Given these ﬁndings, one would expect early
nset of tobacco use to increase the likelihood of cannabis use
uring adolescence.
The gateway hypothesis (GW) and the common liability (CL)
odel aim to identify vulnerable individuals who have a higher
ikelihood of transitioning to other illicit types of substance use
uch as cannabis. The GW proposes that drug consumption
rogresses in a stage-like sequence. According to this hypothesis,
annabis usewould typically follow licit drug use such as tobacco
nd/or alcohol use, whereas illicit hard drug use (e.g. cocaine or
eroine) would follow illicit soft drug use such as regular canna-
is use [15,16]. The CL proposes that using both licit and illicit
rugs may be because of the inﬂuence of a CL. This liability may
nclude a genetic and individual vulnerability, such as proneness
o deviancy and familial liability to addiction. Unlike the GW,
hich proposed the sequential progression of drug use, the CL
roposes that (a) the “choice” ofwhich substance is used ﬁrst can
e the result of the aforementioned factors, and (b) no a priori
rder is expected in the sequence of drug use. However, neither
f these theories can account for the speciﬁc causal nature of the
ssociation between tobacco and cannabis use that was recently
eported [11,12,17].
Alternatively, the recently postulated route of administration
ROA) model [17] suggests that the shared route in which sub-
tances are administered (e.g. inhalation) may account for the
uture initiation of other types of substance use, thus explaining
hy tobacco and cannabis use commonly coexist. For example,
n adolescent who inhales tobacco may be more likely to
rogress to using other types of inhaled substances such as can-
abis. Agrawal and Lynskey tested this theory in an adult popu-
ation that participated in the National Epidemiological Survey
n Alcohol and Related Conditions. Although use of any type of
obacco product (smoked or chewed forms) placed participants
t a higher risk for cannabis use, once the exclusive ROA was
aken into account, adultswho smokedor inhaled tobaccohad an
ncreased risk (3.3–4.5 times more) to use cannabis when com-
ared with the other forms of tobacco users or never users [17].
iven these ﬁndings, one may anticipate that individuals who
ave experimented with inhaled tobacco smoke would be more
illing to experiment with other substances, such as cannabis,
hich is also commonly inhaled [17,18]. On the basis of ROA [17],
e expect early onset tobacco use (EOTU), before the age of 13, to
e an independent predictor of cannabis use.
The aim of this study was to examine which of the three
ubstance use models discussed in this article can best explain
he relationship between early onset tobacco and/or alcohol use
nd subsequent initiation of cannabis use in an adolescent pop-
lation. To test the GW and the CL, which both hold that EOTU
nd early onset alcohol use (EOAU) increase the likelihood to
nitiate cannabis use, we conducted two Cox regression analyses
o ﬁrst examine, (1) whether early onset tobacco users have a
igher likelihood of initiating cannabis use, before the age of 18
ears, than adolescents who have not tried tobacco by the age of
3 years, and (2) whether early onset alcohol users have a higher
ikelihood of initiating cannabis use, before the age of 18 years,
han adolescents who have not tried alcohol by the age of 13
ears. Second, given the expectations from both the GW and CL, anewould expect that EOTU and EOAU equally predict initiation
f cannabis use. Alternatively, the ROA would predict that ado-
escents who reported EOTU are more likely to initiate cannabis
se because they have prior experience inhaling tobacco smoke.
o be able to discriminate between the conﬂicting predictions of
hese theories we conducted another Cox regression analysis to
xamine (3) whether adolescents who reported EOTU are more
ikely to initiate cannabis use, before the age of 18 years, than
dolescentswho reported EOAU. Finally, to test the robustness of
he GW we conducted two Cox regression analyses to examine
4) whether adolescents who reported both EOTU and EOAU
ave a higher likelihood to initiate cannabis use, before the age of
8 years, than adolescents who did not use either tobacco or
lcohol at an early age and (5)whether adolescentswho reported
oth EOTU and EOAU have a higher likelihood to initiate canna-
is use, before the age of 18 years, than adolescentswho reported
nly early onset use of either tobacco or alcohol.Wewill use data
rom the TRacking Adolescents’ Individual Lives Survey (TRAILS)
tudy, which allows us the unique opportunity to analyze data
rom a nonclinical, longitudinal Dutch study among adolescents
hat assesses substance use before regular use or addiction has
ccurred. Furthermore, the prospective design of the TRAILS
tudy makes it possible to follow the age of onset and order of




The TRAILS is a large prospective population study of Dutch
dolescents. The present study involves data from the ﬁrst (T1),
econd (T2), and third (T3) assessment waves of TRAILS, which
an from March 2001–July 2002, September 2003–December
004 and September 2005–August 2008, respectively. At T1,
,230 subjectswere enrolled in the study (mean age, 11.09 years;
tandard deviation [SD], .55; 50.8% girls). At T2, 2,149 subjects
articipated (mean age, 13.56 years; SD, .53; with 51.0% girls).
inally, at T3, 1,816 subjects participated (mean age, 16.27 years;
D, .73; with 52.3% girls; for more details, see [19,20]). Before
ach assessment wave, informed consent was obtained from all
dolescents and their guardian(s) after the nature of the study
ad been fully explained. Furthermore, the Central Committee
n Research Involving Human subjects approved all of the
RAILS study protocols.
rocedure
During the ﬁrst and third assessments, well-trained data col-
ectors visited one of the parents or guardians at their homes to
dminister an interview. In addition to the interview, the parent
as asked to ﬁll out a self-report questionnaire. Adolescents
ere assessed at school or other testing locations, where they
ompleted questionnaires, under the supervision of one or more
RAILS assistants, during all three assessments (T1, T2 and T3). In
ddition, information processing capacities, intelligence, and a
umber of biological and physiological parameters were as-
essed individually. The second assessment involved only self-
eport questionnaires, to be completed by the adolescent, their
arents, and teachers [19,20]. All forms of (pre)adolescent sub-
tance use (i.e., tobacco use, alcohol use, and cannabis use) were





























































































van Leeuwen et al. / Journal of Adolescent Health 48 (2011) 73–78 75eveloped questionnaire [23]. Lifetime use and frequency of use
ere assessed at T1, T2, and T3, and age of onset was assessed at
2 and T3, for tobacco use, alcohol use, and cannabis use. Conﬁ-
entiality of the study was emphasized.
easures
ssessment of onset of cannabis use, tobacco use, and alcohol use
In the present analyses, age at which the adolescent used
annabis for the ﬁrst time was used as the outcome variable.
dolescents were asked, in separate questions, about the age in
hich they ﬁrst tried cannabis, tobacco, and alcohol using the
ollowing question: “How old were you when you ﬁrst (smoked
obacco/ drank alcohol/ smoked weed or hash)?” The options
ere: 0never tried, 19years or younger, 210 years, 311
ears, 4 12 years, 5 13 years, 6 14 years, 7 15 years, and
 16 years. Self-reported age of ﬁrst usewas asked at waves T2
nd T3. If there was a discrepancy between the age of onset
eported at T2 and T3, then the age reported at T2 was preferred
ecause less time had elapsed between the onset of substance
se and assessment time, thereby decreasing the likelihood of
rrors in recall. This decision was supported by our ﬁndings that
he adolescents in our study were more likely to report an older
ge of substance use onset at T3 than at T2 (Table 1).
Furthermore, all substance use questions at T3 allowed the
dolescents to choose an onset age of up to only 16 years, yet
ome adolescents were 17–18 years old at the T3 assessment.
hus, onset of use could have taken place at later than 16 years of
ge. To correct for this problem we did the following: if the
dolescents did not report using cannabis at T1 or T2, but did
eport cannabis use at T3, then the adolescent was considered to
e a new onset cannabis user.We then referred to the questions:
Have you (smoked tobacco/drunk alcohol/smoked weed or
ash) within the past 12 months?” and “Have you (smoked
obacco/drunk alcohol/smoked weed or hash) within the past 4
eeks?” If the adolescents answered yes to using cannabis
ithin the past 12 months or past 4 weeks, we chose to use the
ssessment age at T3. If the adolescents answeredno to (smoking
obacco/drinking alcohol/smokingweed or hash)within the past
2 months, we subtracted one year from the T3 assessment age.
To determine whether an individual smoked tobacco at an
arly age, adolescentswere asked the following questions from a
RAILS developed questionnaire at T1: “Have you ever smoked a
igarette?” “If yes, how many cigarettes (or hand rolled ciga-
ettes) have you had in the last 4 weeks?” The options were: 0
have never smoked tobacco, 1 once, 2 twice or three times,
 four through six times, 4 seven or more times. We dichot-
able 1
ercent of adolescents who reported the same or different onset of substance
se ages during T2 and T3
Alcohol Tobacco Cannabis
T2 reported age of onset is
the same as T3 reported
age of onset
20% 49% 71%
T2 reported age of onset is
older than T3 reported
age of onset
8% 9% 1%
T2 reported age of onset is
younger than T3
reported age of onset
72% 42% 28%tTotal 100% 100% 100%mized cigarette smoking at T1 as: 0 never use of tobacco and
 ever use of tobacco.
A similar procedure was followed to determine EOAU. The
ollowing question was asked at T1: “Have you ever drunk alco-
ol (for example a bottle of beer or a glass of wine)?” “If yes, how
any times have you drunk alcohol?” The options were: 0  I
ave never drunk alcohol, 1 once, 2 twice or three times, 3
our through six times, 4 seven ormore times. Responseswere
ichotomized into: 0  never use of alcohol and 1  ever use of
lcohol.
ssessment of externalizing and internalizing problems (T1)
Externalizing behavior problems were assessed using both
he Child Behavior Checklist (CBCL) and the Youth Self-Report
YSR), which are two of themost frequently used questionnaires
n current child and adolescent psychiatry research [21,22,24].
oth the CBCL and the YSRprovide researcherswith theDiagnos-
ic and Statistical Manuel of Mental Disorders Fourth Edition
DSM-IV) based externalizing behavior scales (DSM-IV Ext(b)),
hich is a compilation of Attention Deﬁcit Hyperactivity Prob-
ems (7 items,  .72), Oppositional Problems (5 items,  .62),
nd Conduct Problems (15 items,   .72), as well as DSM-IV-
ased internalizing behavior scales (DSM-IV Inter(b)), which is a
ompilation of Affective Problems (13 items,   .77), Anxiety
roblems (6 items,  .63), and Somatic Problems (7 items, 
69). Reliability and validity of the Dutch translated American
ersion of the CBCL and YSR have been conﬁrmed [24,25].
ssessment of exact age
Date of birth was assessed through the self-report question-
aires administered during T1, T2, and T3.
ssessment of socioeconomic status (SES)
SESwas calculated as the average of income level, educational
evel, and occupational level of each parent, using the Interna-
ional Standard Classiﬁcation for Occupations at T1 and was
ategorized into low, average, and high SES [26].
ssessment of paternal and maternal vulnerability of addiction
nd psychopathology
Familial loading information of psychopathology was col-
ected during the TRAILS Family History Interview (T1) by inter-
iewing a parent (usually the mother). Five dimensions of psy-
hopathology, depression, anxiety, substance dependence,
ersistent antisocial behavior, and psychosis, were assessed.
ach dimension was introduced by a vignette, which described
he main DSM-IV characteristics, followed by a series of ques-
ions assessing lifetime occurrence, professional treatment, and
edication use [27].
tatistical analyses
The analyseswere conducted using the Statistical Package for
he Social Sciences (SPSS Inc. Chicago, IL), version 15. Correla-
ions of the variables used in our study were calculated using
ivariate correlation analyses.
urvival analyses
We used Cox regression survival analyses [28] to examine
hich model (i.e., the GW, the CL, or the ROA) best explains the
elationship between EOTU and/or EOAU and subsequent initia-























































































van Leeuwen et al. / Journal of Adolescent Health 48 (2011) 73–7876llowed us to examine cannabis use onset by age in years. Fur-
hermore, the survival analysis also includes censored data,
hich allowed us to retain a large amount of subjects in our
tudy that would not be possible with other types of statistical
esting methods. All analyses were adjusted for child-reported
xternalizing behavior problems, paternal vulnerability of addic-
ion, maternal vulnerability of addiction, and SES. We deﬁned
urvival time in years of age at onset of cannabis use. Given that
gewas calculated as awhole number of years,we used the exact
ethod in SPSS for treatment of ties.
First, we examined whether adolescents who reported EOTU
1  EOTU occurred) were more likely to initiate cannabis use
han adolescents who had never tried tobacco by the age of 13
ears (0  EOTU did not occur). Furthermore, we examined
hether adolescents who reported EOAU (1  EOAU occurred)
ere more likely to initiate cannabis use than adolescents who
ad never tried alcohol by the age of 13 years (0 EOAU did not
ccur). The existence of differences between users and nonusers
ould conﬁrm the predictions of the GW and the CL. For exam-
le, both the GW and the CL suggest that individuals who have
sed either tobacco or alcohol should be equally likely to use
annabis than abstainers. Second, we examinedwhether adoles-
ents who reported EOTU (1 EOTU occurred) were more likely
o initiate cannabis use than adolescents who reported EOAU
0  EOAU occurred). If EOTU resulted in a higher likelihood to
nitiate cannabis use, as comparedwith EOAU, this ﬁndingwould
onﬁrm the predictions of the ROA, but not of the GW or the CL.
Finally, to explore our last two aims, we examined the inﬂu-
nce of early onset of comorbid tobacco and alcohol use (EOTAU)
pon subsequent cannabis use. First, we examined whether ad-
lescentswho reported EOTAU (1 EOTAUoccurred)weremore
ikely to initiate cannabis use than adolescentswho reported that
hey had never used either tobacco or alcohol by the age of 13
ears (0 EOTAU did not occur). Second, we examined whether
dolescents who reported EOTAU (1  EOTAU occurred) were
ore likely to initiate cannabis use than adolescents who re-
orted ever use of either tobacco or alcohol (0 ever use of either
obacco or alcohol by the age of 13 years). The existence of
ifferences between comorbid users and users of either sub-
tance would conﬁrm the predictions of the CL, but not of the
W, given that the GWdoes not differentiate between comorbid
se and single substance use (i.e., The GW does not take into
ccount the additive effects of using more than one substance.).
n contrast, the CL does suggest that adolescents who are comor-
id users of substances such as tobacco and alcoholmay be likely
o use cannabis. The proportional hazard assumption was not
iolated in any of the conducted analyses.We assumed statistical
igniﬁcance at the p  .01 level.
esults
escriptive results
Analyses were based on 2,113 adolescents (51% female) who
articipated in the TRAILS study. The mean age at the outcome
ssessment (T3)was 16.3 years (SD, .73; range, 14.5–18.5). By the
nd of T3, 587 (34.4%) adolescents had used cannabis at least
nce during their lifetime. The difference in prevalence between
oys and girls for cannabis use was not signiﬁcant. The percent-
ge of adolescents who reported ever using tobacco, cannabis, or
lcohol is listed by age in Table 2. At T1, 302 (13.7%) adolescents 2eported ever use of tobacco and 681 (31.0%) adolescents re-
orted ever use of alcohol at T1.
he association between EOAU and subsequent cannabis use
We carried out a Cox regression analysis for EOTU as a predic-
or of lifetime cannabis use by age. Adolescents who initiated
obacco use early are at an increased risk for cannabis use (haz-
rd ratio, 1.80; p .001; 95% conﬁdence interval [CI], 1.73–2.59)
ompared with adolescents who had never tried cigarettes by
he age of 13 years. We controlled for child-reported externaliz-
ng problems, EOAU, paternal vulnerability of addiction, mater-
al vulnerability of addiction, and SES.
he association between EOAU and subsequent cannabis use
Our next Cox regression analysis model showed that adoles-
ents who initiated alcohol use early are at an increased risk to
nitiate cannabis use (hazard ratio, 1.43; p  .001; 95% CI, 1.19–
.72). In this model, we controlled for child-reported externaliz-
ng problems, EOTU, paternal vulnerability of addiction, mater-
al vulnerability of addiction, and SES.
OAU versus EOAU as predictors of subsequent cannabis use
Adolescents who reported EOTU did not have a signiﬁcantly
igher likelihood of initiating cannabis use than adolescentswho
eported EOAU (hazard ratio, of 1.13; p  .05; 95% CI, .89–1.91).
OAU versus no use of either tobacco or alcohol as predictors of
annabis use
When comparing EOTAU to abstainers (no tobacco or alcohol
se before the age of 13), we found that adolescents who re-
orted EOTAU were more likely to initiate cannabis use than
bstainers (hazard ratio, 2.52; p  .001; 95% CI, 1.94—3.26)
Figure 1).
In the subsequent analysis, we compared EOTAU with ever
se of either tobacco or alcohol as predictors of cannabis use. Our
ndings showed that adolescents who reported EOTAU run a
igher risk to initiate cannabis use than ever users of either
obacco or alcohol (hazard ratio, 1.72; p  .001; 95% CI, 1.33–
able 2







9 years old or
youngera
0.5 12.1 5.2
10 years olda 0.7 10.4 11.3
11 years olda 1.5 15.0 18.3
12 years olda 9.4 23.0 26.7
13 years olda 21.0 16.7 20.2
14 years olda 22.3 10.9 8.6
15 years olda 29.8 9.4 8.0
16 years olda 7.3 0.1 0.9
17 years olda 5.6 1.8 0.5
18 years olda 1.9 0.6 0.20
Total ever use by the
end of T3
34.4 54.9 87.5
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As predicted by the GW and the CL model [12,15,16,18,29],
he current study shows that both EOTU and EOAU increase the
isk of initiating cannabis use. In addition, when comparing
igure 1. Top: Cumulative probability to initiate cannabis use in adolescents wh
no T1 tobacco or alcohol use). Bottom: Cumulative probability to initiate canna
ersus T1 ever users of alcohol or tobacco.OTAU to both abstainers (no tobacco or alcohol use before the tge of 13) and to early ever users of either tobacco or alcohol, we
ound that adolescents who reported EOTAU had a higher likeli-
ood to initiate cannabis use.
When examining whether EOTU is more likely than EOAU to
ncrease the likelihood of cannabis use initiation, we found that
rted comorbid early onset tobacco and early onset alcohol use versus abstainers








































































van Leeuwen et al. / Journal of Adolescent Health 48 (2011) 73–7878ach other. This ﬁnding does not support the ROA model pre-
ented by Agrawal and Lynskey [17], given that the adolescents
ho reported EOTU (e.g., the “experienced inhalers”) were
qually likely to initiate cannabis use as adolescents who re-
orted EOAU. It is important to mention that our population
easured an adolescent population, whereas the Agrawal study
17] measured an adult population. Perhaps as substance use
rogresses, the ROA becomes more important and therefore re-
nforces the type of substance used [30]. For instance, in a re-
ently published study, Huizink et al. [31] found that cannabis
se might increase the risk (path coefﬁcient of .32) of continued
moking behavior in an adolescent population. Therefore, the
OA may play a larger role in maintenance than in initiation of
ubstance use. Perhaps, when taking tobacco and cannabis users
nto account, the experience of inhaling has to be more devel-
ped than what one usually ﬁnds in early onset tobacco users
e.g., as the amount of tobacco use increases, the likelihood of
nitiating or using cannabis use also increases, and vice versa).
Furthermore, ﬁndings from our EOTAU analyses indicate that
omorbid users aremore likely to use cannabis than ever users of
ither tobacco or alcohol. The GW is not broad enough to explain
his increased likelihood. On the contrary, comorbid users and
ver users should have an equally increased likelihood of initiat-
ng cannabis use according to the GW.
Given our ﬁndings, and thementioned limitations resulting in
he lack of support for the other predictive models, we conclude
hat the CL is the most robust model to predict the onset of
annabis use during adolescence.
mplications
Curbing early onset of tobacco and alcohol use with a speciﬁc
ocus on comorbid tobacco and alcohol use, before the age of 13,
ay help to diminish the amount of adolescents who initiate
arly onset cannabis use.
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